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Published by Elsevier Inc.SURGEON AT WORKLaparoscopic Pancreaticoduodenectomy: Taking
Advantage of the Unique View from the Caudal Side
Goro Honda, MD, PhD, FACS, Masanao Kurata, MD, PhD, Yukihiro Okuda, MD, Shin Kobayashi, MD,
Katsunori Sakamoto, MD, Keiichi Takahashi, MD, PhDFigure 1. The nerve plexuses of the pancreatic head. This is
a modified schema of the original in a previous report.5 The unci-Although minimally invasive surgery has rapidly evolved
to include a variety of complex surgical procedures, lapa-
roscopic pancreaticoduodenectomy (PD) has yet to be
accepted as a generalized surgical method for the resection
of pancreatic head lesions. One of the main reasons for
this is the difficulty dissecting the pancreatic head from
the mesenteric vessels, that is, the superior mesenteric
vein (SMV), the portal vein (PV), and the superior
mesenteric artery (SMA), as well as the difficulty of pan-
creaticoenteric anastomosis.1-3 We standardized the proce-
dures for pancreaticojejunostomy and have already
reported our favorable results.4 Here, we describe a tech-
nique in which we standardized safe and clear dissection
of the pancreatic head from the mesenteric vessels by
taking advantage of the unique laparoscopic view from
the caudal side.nate process (UP) is separated from the superior mesenteric artery
(SMA) and the celiac axis by dissecting the connective tissue,
including the nerve plexuses on the red dashed line. Rt., right; Lt.,
left; PL ce, nerve plexus of the celiac axis; PL ph I, nerve plexus
between the pancreatic head and the celiac axis; PL ph II, nerve
plexus between the UP and SMA; PL sma, nerve plexus around the
SMA, which forms a nerve sheath.METHODS
Patients are placed in a lithotomy position. A 12-mm
trocar is placed at the umbilicus or a little lower than
the umbilicus and pneumoperitoneum is established.
Two other 12-mm trocars are placed, both lateral to
the first trocar, and two 5-mm trocars are placed at the
right and left infracostal arch. The positions of these 4
trocars are all on the right and left mid-clavicular lines.
After mobilization of the hepatic flexure of the colon,
Kocher’s maneuver is performed, exposing the surface
of the nerve plexus of the pancreatic head (Fig. 1)5 at
the root of the SMA and the celiac axis. Holding up
the pancreatic head, the posterior and right aspect of
PV is exposed first at the hepatoduodenal ligament by
the surgeon standing on the patient’s right side. The
PV is exposed up to the cranial edge of the nerve plexus
of the pancreatic head, at which the PV hides behind the
nerve plexus (Fig. 2). The right gastric and gastroepiploicncer and Infec-
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e45vessels are divided. The bulbus duodeni (in pylorus-
preserving PD) or the pyloric antrum (in PD) is cut using
a linear stapler. After exposing the hepatic artery around
the root of the gastroduodenal artery, the gastroduodenal
artery is clipped and cut at the root. Then, behind that,
the anterior aspect of PV is exposed on just the cranial
side of the pancreatic neck. The common bile duct
(CBD) is encircled and taped. On the caudal side of
the pancreas, the anterior aspect of SMV is exposed and
the mesentery of the transverse colon is dissected from
the pancreatic head as widely as possible. The pancreatic
neck is dissected from the SMV and PV bluntly and
taped. The upper portion of the jejunum is divided
near the ligament of Treitz with a linear stapler and the
proximal jejunum is separated from the mesojejunum
with LigaSure (LigaSure Blunt Tip; Covidien).
Dissection of the pancreatic head from the mesenteric
vessels proceeds by peeling the pancreas from the uncinate
process to the pancreatic neck clockwise from the caudal
side (Video 1). Taking advantage of the unique view from
the caudal side, the posterior aspect of SMA envelopedISSN 1072-7515/13/$36.00
http://dx.doi.org/10.1016/j.jamcollsurg.2013.08.019
Figure 3. The view of the posterior aspect of the pancreatic head
through the hole opened in the ligament of Treitz. Taking advantage
of the unique laparoscopic view from the caudal side, the posterior
aspect of the superior mesenteric artery (SMA) enveloped with
a nerve sheath (plexus mesentericus superior) beside the uncinate
process (UP) is exposed (white arrows) by dividing the fat tissue
behind SMA through the hole opened in the ligament of Treitz. Lt.
RV, left renal vein; IMV, inferior mesenteric vein.
Abbreviations and Acronyms
CBD ¼ common bile duct
PD ¼ pancreaticoduodenectomy
PV ¼ portal vein
SMA ¼ superior mesenteric artery
SMV ¼ superior mesenteric vein
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beside the pancreatic uncinate process is exposed by
dividing the fat tissue behind SMA through a hole
opened in the ligament of Treitz (Fig. 3). As necessary,
dissection between the uncinate process and SMA is
possible, as well as transection of the inferior pancreatico-
duodenal artery in this operating field (Video 2).
After passing the jejunum stump to the right side, the
surgeon pulls up the pancreatic head as the assistant pulls
up the tape placed at the pancreatic neck to pull the
pancreas away from the SMV radially (Fig. 4). Maintain-
ing this position, the uncinate process is dissected from
the mesenteric vessels toward the hepatoduodenal liga-
ment by dividing the connective tissue, which includes
the nerve plexus, inferior pancreaticoduodenal artery,
and the branches of SMV, mostly with only LigaSure.
When there is a thick inferior pancreaticoduodenal artery,
it is divided after clipping. During this procedure, theFigure 2. Findings of exposed nerve plexuses of the pancreatic
head from the back side in the early stage of surgery. After Kocher’s
maneuver, the nerve plexus between the pancreatic head and the
celiac axis (PL-ph I) and a part of the nerve plexus between the
uncinate process and the superior mesenteric artery (PL-ph II) are
exposed by ablating soft tissue around them. At the hep-
atoduodenal ligament, the posterior and right aspect of the portal
vein (PV) is exposed up to the cranial edge of PL-ph I, at which PV
hides behind PL-ph I. CBD, common bile duct; CL, caudate lobe;
Head, the dorsal aspect of the pancreatic head; SMA, superior
mesenteric artery; W, Winslow’s foramen.surgeon stands between the patient’s lower limbs and
LigaSure is inserted through the port at the umbilicus
to be parallel with the SMA, so that the risk of injury
to the SMA is reduced (Fig. 5). The dissection using Liga-
Sure is repeated in order: first, the dorsal layer (tissueFigure 4. Image of the pancreatic head region centering on the
mesenteric vessels from the caudal side. After passing the jejunum
stump to the right side, the surgeon pulls up the pancreatic head and
the assistant pulls up the tape placed at the pancreatic neck to pull
the pancreas away from the superior mesenteric vein (SMV) radially.
Some interspace is created between the pancreatic parenchyma
and the mesenteric vessels. Dissection of the pancreas from
the mesenteric vessels is made easier by maintaining this position.
PV, portal vein; SMA, superior mesenteric artery.
Figure 5. Position of the surgeon during dissection of the pancreas
from the mesenteric vessels. During dissection of the pancreas
from the mesenteric vessels, the surgeon stands between the
patient’s lower limbs and LigaSure is inserted through the port at
the umbilicus to be parallel with the trunk of the superior mesen-
teric artery so that the risk of injury to the superior mesenteric artery
is reduced. The scope is inserted through the port in the right lateral
abdomen, and the surgeon pulls up the pancreatic head using
forceps in the left hand.
Figure 6. Findings during dissection between the pancreas and the
mesenteric vessels with LigaSure, holding up the pancreatic head.
The unique view from the caudal side provides a magnified and
closely caudal-back view of the pancreatic head, so that dissection
proceeds quickly and precisely, confirming the anatomical structure.
The dissection by LigaSure is repeated in order: first, the dorsal
layer (tissue beside the superior mesenteric artery) and next, the
ventral layer (tissue beside the superior mesenteric vein). Asterisk,
tape holding the pancreatic neck; Neck, pancreatic neck; SMA,
superior mesenteric artery; SMV, superior mesenteric vein; UP,
pancreatic uncinate process.
Figure 7. Findings after dissection between the pancreas and
mesenteric vessels. After dissection between the pancreas and
mesenteric vessels, the right aspect of the portal vein (PV) is
exposed completely and only the pancreatic neck (Neck) and the
common bile duct (CBD) remain connected with the pancreatic head
(Head). The CBD has been encircled by yellow tape. Asterisk, tape
holding the pancreatic neck.
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SMV including the branches of SMV), taking advantage
of the unique view from the caudal side (Fig. 6). Finally,
the nerve plexus of the pancreatic head is divided beside
the celiac axis, and then the right aspect of PV is exposed
completely and only the pancreatic neck and CBD
remain connected with the pancreatic head (Fig. 7)
(Video 3). The pancreatic neck and CBD are divided
with Harmonic (Ethicon Endo-Surgery, Inc.) at the final
stage.
After resection, the midline just above the pancreas is
opened to 4 cm and the specimen is removed within
the plastic bag through this incision. Then, pancreaticoje-
junostomy and choledocojejunostomy are performed via
the pure laparoscopic approach, and duodenojejunos-
tomy is performed extracorporeally through the 4-cm
midline incision.4 In one of the patients who requiredgastrojejunostomy, it was performed using a linear stapler
via the laparoscopic approach.
From August 2011 to April 2013 at Tokyo Metropol-
itan Cancer and Infectious Diseases Center Komagome
Hospital, using the current procedure, which has been
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laparoscopic pylorus-preserving PD, 4 patients under-
went laparoscopic PD, and 1 patient underwent laparo-
scopic spleen-preserving total pancreatectomy. Of these,
partial gastrectomy for early gastric carcinoma was per-
formed simultaneously in 1 patient. The 26 patients
had a mean age of 70 years (range 46 to 86 years). The
male to female ratio was 15:11. Basically, our indication
criteria of laparoscopic surgery for a lesion of the pancre-
atic head were as follows. The lesion was located within
the pancreas, and no lymph node involvement was iden-
tified. Huge cystic lesions compressing the mesenteric
vessels, which were identified in 3 patients as intraductal
papillary mucinous neoplasm, were not excluded because
they had no findings of invasive extension. One patient
had undergone distal gastrectomy previously. Preopera-
tive diagnosis was intraductal papillary mucinous
neoplasm in 12 patients, ampullary carcinoma in 6
patients, early-stage pancreatic carcinoma in 5 patients,
and metastatic carcinoma of renal-cell carcinoma, neuro-
endocrine tumor of the bile duct, and duodenal carci-
noma in 1 patient, respectively.
RESULTS
Mean overall operative time of 26 patients was 519
minutes (range 349 to 778 minutes), with mean blood
loss of 322 g (range 10 to 1,520 g). Mean time for resec-
tion, which means the time from insertion of the first
trocar until removal of the specimen, was 263 minutes
(range 169 to 522 minutes). Conversion during resection
was required in 2 patients. The reasons for conversion
were the need to resect and reconstruct PV and difficulty
controlling hemorrhage from the hole of the back of the
SMV. Intraoperative blood transfusion was not required
in any patients. Postoperative complications occurred in
13 patients. Postoperative pancreatic fistula of grades A,
B, and C6 occurred in 2, 3, and 1 patients, respectively,
and delayed gastric emptying in 3 patients and peptic
ulcer, congestion of the brought limb of the jejunum,
abdominal abscess, portal vein thrombus and pneumo-
nitis occurred in 1 patient, respectively. Except for post-
operative hemorrhage in a patient with postoperative
pancreatic fistula grade C who required radiological inter-
vention, complications were resolved with conservative
measures. Post-treatment course of the patient with post-
operative pancreatic fistula grade C was good. Mortality
was zero.
DISCUSSION
Even via the open approach, most surgeons are probably
stressed during dissection of the pancreas from themesenteric vessels due to difficulty with bleeding control
and making a precise dissection line. This appears to be
one of the reasons why laparoscopic PD has yet to be
accepted as a generalized surgical method. However, in
practice, because the unique laparoscopic view from the
caudal side provides a magnified and closely caudal-
back view of the pancreatic head, the anatomy around
the uncinate process, especially the relation to the nerve
plexus and the mesenteric vessels, is made easier for
prehension, so that more meticulous surgery can be per-
formed via the laparoscopic approach than in open
surgery. In addition, the current procedure of peeling
the pancreas from the uncinate process first without early
dissection of the pancreatic neck has several advantages. A
stably maintained caudal-back view of the pancreatic head
can be fixed by pulling up the tape placed at the pancre-
atic neck by an assistant, so that the surgeon can use both
of his or her hands freely during dissection around the
mesenteric vessels. As most surgeons know, even by
only holding up the pancreatic head, controlling bleeding
from the portal vein system is made easier.7 When abrupt
bleeding is encountered, the surgeon can cope with it
using both hands because the assistant can keep the
pancreatic head held up by pulling up the tape placed
at the pancreatic neck. Additionally, by dissecting the
connective tissue beside SMA earlier, inflow into the
pancreatic head from SMA is shut off earlier and some
interspace is created between the pancreatic parenchyma
and SMV/PV by pulling the pancreas away from them
radially, so that dissection around these veins is made
easier despite being the site that bleeds most easily.8,9
Consequently, the procedure of dissecting the pancreas
from the mesenteric vessels can be performed quickly.
Because several difficult cases with a huge cystic lesion
compressing the mesenteric vessels, severe fibrosis caused
by obstructive cholangitis or pancreatitis or gastric carci-
noma that required simultaneous gastrectomy were
included in this series, the mean time for resection was
long (263 minutes); however, the minimum time for
resection was 169 minutes. Therefore, we believe that
the desired time for resecting an uncomplicated case is
3 hours (180 minutes). Also, we have standardized the
procedure for laparoscopic reconstruction.4 Taken
together, we believe that the desired overall time for lapa-
roscopic PD is 6 hours. In addition, it is also an advan-
tage of the current procedure that transecting the
pancreatic neck and CBD last can minimize the spillage
of pancreatic juice and bile into the intraperitoneal cavity.
These techniques are no more than basic techniques. In
practice, the fibrotic change of the hepatoduodenal liga-
ment caused by obstructive jaundice, cholangitis, and/or
the effect of stenting, the fibrotic change around the
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of connective tissues caused by diabetes and/or obesity
often increase the difficulty of dissecting around the
mesenteric vessels; however, we have realized that the
significance and universality of the current technique is
apparent, especially in such cases.
We had to convert to the open approach in 1 patient
due to bleeding from the stump of a thick branch of
the SMV, which was located on the back of the SMV.
Often, the posterior aspect of the SMV also appears after
dividing the connective tissue between SMA and the
uncinate process through the hole opened in the ligament
of Treitz. In this situation, the SMV, which is normally
situated on the right-ventral side of SMA, is pulled out
to the left side, passing behind SMA, so that SMV is dis-
located improperly. In our conversion case, because we
misidentified a thick branch as a thin branch and trans-
ected it at the root, only sealing with LigaSure without
any ligation or clipping, the stump was opened when
the jejunum stump was passed to the right side. The
branches of a venous trunk that has been dislocated
improperly and could be stretched or twisted later should
not be transected using LigaSure alone because the vein
can be deformed so that a sealed stump without any liga-
tion or clipping can easily reopen. Especially during lapa-
roscopic PD, exposure of SMV/PV can be performed
more safely by creating an interspace between the pancre-
atic parenchyma and SMV/PV, which is created by pull-
ing the pancreas away radially. After this experience, we
made it a rule not to expose SMV through the hole
opened in the ligament of Treitz.
CONCLUSIONS
Our results using the current procedure were comparable
with our results of open PD. One reason for this is that
the operating indication for laparoscopic PD has been
limited to cases that did not require extended dissection
of lymph nodes or the nerve plexus. Whether extension
of the indication and dissection area is possible by addi-
tional standardization and/or the learning curve is anissue in the future; however, the procedure of laparo-
scopic PD, which is one of the most difficult and compli-
cated laparoscopic operations, still requires various
standardizations, such as the current procedure, which
can shorten the operating time and make it safer.1,4,7
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